Abstract 16 Here we present a comparative study of stable carbon ( 
century AD). The instantaneous deposition of the 20
Herculaneum assemblage highlights some interesting differences in our contextual and 21 methodological understanding of stable dietary isotopes, suggesting that isotopic variation 22 between sites may sometimes be a result of greater temporal variability rather than truly 23 comparable differences. Our results suggest that the people of Herculaneum obtained a 24 relatively small proportion (ca. 30%) of their dietary carbon from marine foods; the majority 25 originating from terrestrial foodstuffs of a similar carbon isotopic composition, most likely 26 cereals. Also observed is a generally greater dietary isotopic enrichment in male individuals 27 than females. We infer that males had greater access to fish which may be reflective, in part, 28 of the sociodemographic framework characteristic of Roman society. Finally, we highlight the 29 methodological challenges which may be faced when undertaking comparisons of 13 C and 30 15
Introduction

35
The health and economic 'well-being' of the Roman world is a fundamental benchmark in the 36 historic investigation of past civilisations. Although the study of the Roman productive 37 economy is extensive, our knowledge regarding the distribution of wealth and differences in 38 living conditions in Roman society is limited to partial and incomplete records (Garnsey and 39 Saller, 2015) . We do not yet know how food was distributed to different elements of the 40 population, between households, villages or towns. Historical accounts (Rackham, 1967; 41 Edwards, 2001; Wolf, 2010) and archaeological evidence from animal and plant remains 42 (Meyer, 1980; Pagano, 1994 C compared to females (Fig. 3a) . From these data, it is 220
proposed that males consumed more fish with relatively elevated 15 N values. This is not to 221 suggest that other low trophic level species were not consumed at Herculaneum, either fresh 222 or as commodities such as garum. Indeed there are ample remains of small fish such as 223 sardine, anchovy, and marine shellfish from sewer deposits (Rowan, 2014) The observed isotopic differences between the sexes at Herculaneum could simply be a 261 matter of biology; the calorific requirements of males are known to be greater than those of 262 females, and the undertaking of hard labour would undoubtedly exacerbate such needs 263 leading to quantitative and qualitative dietary discrepancies. However, it is terrestrial 264 products -mainly cereals -that provided the majority of calories regardless of sex, so this is 265 less likely. Rather, it is the consumption of high trophic level marine fish that isotopically 266 distinguishes males from females. In Figure 3b we have used the 15 N to indicate the % 267 contribution of marine foods to dietary carbon (an approximation to their weight contribution 268 to total diet) using equation 1 (above). The distributions (Fig. 3b) show that a small 269 proportion of the males obtained a slightly greater % of their total diet from marine foods. 270
The differences between males and females with respect to marine consumption is great 271 (typically <5% contribution to total diet) but the effect on their It is reasonable to suppose that occupation is a key variable which determines these sex-275 related dietary differences. Men had primary access to marine foods in as much as fishing 276 and trade in fish products were male-dominated activities. In general, the uneven distribution 277 of power, which in a traditional society lay with males, and other social factors, would have 278 played a part in permitting or restricting access to fish, both within the families of fishermen, 279 and in the wider community (Garnsey 1999 becoming sui iuris ('of one's own right'), and had themselves inherited the role -including 306 the legal and financial independence -of the head of the household (paterfamilias). A 307 second consideration is the high prevalence of slaves and freedmen in the city. 308
Demographic estimates based on the Marble Album of Herculaneum suggest that a 309 significant proportion of the town's urban population (ca. 23%) were freedmen (de Ligt and 310
Garnsey, 2012). The study proposes that ca. 69% of the adult male citizen population were 311 ex-slaves, and that ca. 60% of the entire urban slave population at Herculaneum were 312 manumitted by the age of 30. With manumission came possible elevation to the rank of 313
Roman citizen in accordance with the laws passed in the time of Augustus. Freedmen were 314 normally involved ipso facto in a patronage relationship with their ex-masters, supposing the 315 latter were still alive -in which case the freedman might benefit from a legacy (Aldrete,  316 2008; Garnsey and Saller, 2015 A potential methodological explanation for the absence of strong isotopic differences by 324 narrower age classes at Herculaneum is that the measurements are of collagen which is 325 synthesised at different times within an individual's lifespan. As bone collagen turnover rate 326 is relatively slow, a substantial proportion of collagen derived from earlier in life will still be 327 present at death. For example, from studies of collagen turnover rates in femoral bone 328 (Hedges et al., 2007) we estimate that 63% of collagen in a 45 year old male, or 53% in a 329 female of the same age, is derived from foods consumed before 30 years of age. 330
Furthermore, the rate of bone turnover slows dramatically following adolescence, meaning 331 that younger individuals' skeletons contain relatively more collagen synthesised from foods 332 consumed closer to the time of death than older individuals. A slightly faster turnover rate 333 may be anticipated in the rib samples analysed in this study, nevertheless, these 334 measurements are unlikely to reflect true differences between the age classes. Indeed, the 335 differences that we observed are probably underestimations of the true dietary differences 336 between the old and the younger adults at their time of death. 337 338 339 340 observation is far from straightforward as it is not possible to distinguish whether individuals 345 consumed a greater proportion of fish in later life or whether high fish consumers simply 346 lived longer. Given the difficulties in interpreting isotopic data from bone collagen due to its 347 slow turnover rate, and the lack of strong evidence of age related differences within the 348 'living population' at Herculaneum, we suggest that the latter explanation is more likely. At food supply, as well as cultural shifts. Therefore, the range of foods eaten by individuals 363 living contemporary lives may be considerably narrower than revealed through isotopic 364 analysis of individuals buried in cemeteries, which are also influenced by selective mortality 365 and selective burial. This has important implications for considering the durée of cemetery 366 populations before making comparisons of any osteological datasets. 
